In 2013, the Organ Procurement and Transplantation Network in the United States approved a new national deceased donor kidney allocation policy that introduces the kidney donor profile index (KDPI), which gives scores of 0%-100% based on 10 donor factors. Kidneys with lower KDPI scores are associated with better post-transplant survival. Important features of the new policy include first allocating kidneys from donors with a KDPI#20% to candidates in the top 20th percentile of estimated post-transplant survival, adding waiting time from dialysis initiation, conferring priority points for a calculated panelreactive antibody (CPRA).19%, broader sharing of kidneys for candidates with a CPRA$99%, broader sharing of kidneys from donors with a KDPI.85%, eliminating the payback system, and allocating blood type A2 and A2B kidneys to blood type B candidates. We simulated the distribution of kidneys under the new policy compared with the current allocation policy. The simulation showed increases in projected median allograft years of life with the new policy (9.07 years) compared with the current policy (8.82 years). With the new policy, candidates with a CPRA.20%, with blood type B, and aged 18-49 years were more likely to undergo transplant, but transplants declined in candidates aged 50-64 years (4.1% decline) and $65 years (2.7% decline). These simulations demonstrate that the new deceased donor kidney allocation policy may improve overall post-transplant survival and access for highly sensitized candidates, with minimal effects on access to transplant by race/ethnicity and declines in kidney allocation for candidates aged $50 years.
The current deceased donor kidney allocation policy has not changed substantially in .20 years. 1 During this time, the gap between supply and demand has widened. Waiting time has become the dominant factor in allocation, and less emphasis has been placed on biologic criteria such as the degree of immune system sensitization or HLA matching. For minority candidates, such as African Americans, who have difficulty gaining access to the waiting list, delay in listing contributes to racial disparities in access to transplant. [2] [3] [4] The current allocation system favors candidates who have waited the longest, but does not improve outcomes after transplant and discourages use of kidneys with a potentially shorter duration of functioning. These shortcomings have created inequities. Waiting times for blood type B candidates are much longer than waiting times for blood type A candidates. 5, 6 Kidneys with the potential to function longer may be allocated to candidates with shorter life expectancy; conversely, candidates with a longer estimated life span may be allocated kidneys with limited duration of functioning. These types of transplants result in high retransplant rates and increase the demand for donor kidneys. A new allocation policy was approved by the Organ Procurement and Transplantation Network (OPTN) on June 24, 2013.
The new allocation policy risk-stratifies deceased donors using the kidney donor profile index (KDPI). 7, 8 The KDPI takes into account donor age, height, weight, ethnicity, history of hypertension and diabetes, cause of death, serum creatinine level, hepatitis C status, and donation after circulatory death status (Table 1) . Lower KDPI kidneys are associated with better post-transplant survival. Similarly, transplant candidates on the waiting list are risk-stratified based on estimated posttransplant survival (EPTS), which takes into account candidate age, dialysis duration, prior solid organ transplant, and diabetes status. Generally, older age, longer dialysis duration, prior solid organ transplant, and presence of diabetes are associated with higher EPTS scores and shorter expected post-transplant survival. The new allocation policy prioritizes candidates in the top 20th EPTS percentile to receive kidneys from donors with a KDPI#20% (so-called "longevity matching"). It also prioritizes candidates with a calculated panel-reactive antibody (CPRA)$98% and provides broader sharing for candidates with a CPRA$99% (Table 1 ). The new policy maintains the current restriction in which kidneys from blood type B and O donors are allocated strictly to candidates with identical blood types (except for the zero-HLA mismatch category; Table 1) .
As in the current system, points will be used to rank candidates in each category listed in Table 1 , with more points leading to higher priority for receiving a kidney offer. One point will be awarded for each year spent waiting once the eGFR measurement is ,20 ml/min per 1.73 m 2 (Table 2 ). However, under the new allocation policy, candidates receiving dialysis at the time of listing will also receive waiting time credit from the first day of maintenance dialysis. These waiting time points will be awarded based on fractional years, by dividing the number of days waiting by 365 (Table 2) . A new priority point scale of 0-202 will be awarded based on the CPRA (Tables 2 and 3 ). This scale was based inversely on the probability of receiving an organ offer. Other points will be awarded as in the current allocation policy (Table 2) . 1 Other features of the current and new kidney allocation policies are compared in Table 4 .
In this study, we describe the final simulation models that were used to estimate how the current and new allocation systems allocate deceased donor kidneys. The results of these simulations were used to propose the new allocation system.
RESULTS
Candidates on the waiting list who are in the national top 20th percentile for EPTS constitute 15%-25% of all candidates on the waiting list for a donation service area ( Figure 1 ). The percentage of kidney donors with KDPI in the top 20th percentile varied between 15% and 25% for most donation service areas ( Figure 2 ). However, the candidate list is much larger than the number of donors available, with 122,669 candidates nationally and enough donors to allow ,12,000 deceased donor kidney transplants annually ( Table 5 ). The simulations resulted in 11,531 primary kidney and kidney-pancreas transplants (range, 11,463-11,586 across 10 iterations) under the current allocation policy and 11,599 (range, 11,538-11,681) under the new allocation policy. The 122,669 candidates represent the total number of kidney and kidney-pancreas candidates on the waiting list on the first day or added during the year, in simulations of current and new policy ( Table 5 ).
The characteristics of recipients and donors were compared for the following: (1) actual transplants in 2010, (2) 10 simulations using current allocation policy, and (3) 10 simulations using the new allocation policy ( Table 6 ). The characteristics of actual transplant recipients were similar to the characteristics of recipients under simulations of the current allocation policy. The new allocation policy resulted in more transplants for candidates aged 18-49 years and fewer transplants for candidates aged $50 years. As expected, the new allocation policy also resulted in more transplants for candidates with blood type B and fewer transplants for candidates with blood type A compared with current allocation policy. Because of the change in prioritization points, the number of transplants in candidates with a CPRA.20% increased with the new allocation policy compared with the current policy ( Figure 3 ). Median life spans and graft-year survival were longer for simulated transplant recipients under the new policy compared with recipients under the current policy ( Table 5 ). The new policy results in transplants with more median extra life-years for recipients versus wait-list candidates compared with current policy, without increasing mortality on the waiting list (Table 5) .
DISCUSSION
The new allocation policy uses KDPI and EPTS to rank order kidneys and candidates, respectively. We found that the These points will be used to rank candidates in each of the categories listed in Table 1 , with more points leading to higher priority for receiving a kidney offer. The new allocation policy is projected to result in improved patient and allograft survival ( Table 5 ). The simulations predict an average 7.0% increase in median patient life-years per transplant and an average 2.8% increase in median allograft years of life under the new allocation policy compared with the current policy (Table 5 ). Assuming 11,000 transplants, this could lead to a gain of 9130 life-years of patient survival and 2750 years of allograft survival. This increase is likely due to a greater number of younger candidates (aged 18-49 years) undergoing transplant than older candidates (aged$50 years), and to better matching of patient and graft expected longevity. Adolescent and young adult age is a risk factor for poor adherence to immunosuppressive medications, 9 and this increases the theoretical risk of overall reduced allograft years of life under the new policy. However, the simulations also predict improved graft survival.
Despite transplants in some higher-risk candidates, the simulations show that the net benefit of the new policy is to improve patient and allograft survival (Table 5 ). Giving priority to high-CPRA candidates could result in worse outcomes, because high CPRA is a risk factor for rejections and poor outcomes. However, finding immunologically compatible donors will remain challenging for candidates with a CPRA.80% (Figure 3) .
The new allocation policy maintains many features of the current policy, including the local, regional, and national categories, and organ offers would be made first to all local candidates before regional candidates in the top 20th percentile of survival. Likewise, organ offers would be made to all regional candidates before national candidates in the top 20th percentile of survival. Pediatric candidates in general maintain the same priority over adult candidates as in current policy, but they are prioritized to receive local offers from donors with a KDPI,35% instead of from donors aged,35 years. The candidates with offers of zero HLA-A, HLA-B, and HLA-DR mismatched organs are prioritized over candidates with one or more HLA mismatches at the A, B, and DR loci. This priority for zero HLA mismatched organs could continue to incentivize candidates to list even before eGFR falls to ,20 ml/min per 1.73 m 2 , despite the waiting time being back-dated to dialysis initiation for candidates who are listed after starting dialysis. The new policy does not change current policy allowing candidates to list even before eGFR falls to ,20 ml/min per Despite these simulations, the potential effect of the new policy remains to be determined. For example, the simulations project a slight increase in the number of transplants, from 11,531 to 11,599 (Table 5) . It is unclear whether this increase will be borne out in reality, or whether it results from the organ acceptance criteria in the kidney-pancreas simulated allocation model (KPSAM) being based on current organ acceptance behavior. The new allocation policy would also remove the kidney allocation variances (deviations in organ allocation policy approved by the OPTN) that are currently in place. The KPSAM does not take these variances into account when it simulates the current allocation policy. Once the policy is enacted, the OPTN Kidney Committee will evaluate its intended and unintended consequences.
Our study has several limitations. The KPSAM cannot account for changes in organ acceptance behaviors. 10 Therefore, if the new policy results in dramatic changes in organ acceptance behavior, the estimates of number of transplants from the simulations will differ from reality. However, given the limited supply of kidney allografts and the large number of candidates on the waiting list, the overall number of transplants is unlikely to decrease. The KPSAM simulates transplants, discards, and removals and deaths on the waiting list for a 1-year period. 10 Therefore, it is not possible to determine whether the new allocation policy could lead to changes in numbers of transplants in subsequent years of policy implementation. The KPSAM was not designed to predict outcomes at the level of a center or a donation service area because it assumes similar organ acceptance behavior across the country. The majority of the data shown in this study were used by the OPTN Kidney Transplantation Committee to submit the policy for public comment. Based on feedback from the public and other OPTN committees and regions, the new allocation policy underwent minor changes that were further incorporated. These include the following: (1) zero HLA mismatched candidates will receive priority in the categories of candidates with a CPRA$98%; (2) pediatric candidates will be excluded from EPTS, thereby allowing more adults (approximately 700, data not shown) to be in the top 20th percentile of survival; (3) pediatric candidates will be offered kidneys with a KDPI.85% only for zero HLA mismatched kidneys; (4) EPTS scores will be updated daily or whenever EPTS factors change; and (5) each transplant center will be required to establish centerspecific criteria in order to receive offers for blood type A2 and A2/B kidneys for candidates with blood type B. These changes were not accounted for by the simulations, but would affect only a small number of candidates and kidneys, thereby not invalidating the findings of this study.
Development of the new kidney allocation policy represents a 9-year effort by the OPTN committee. The simulations predict that the new policy could potentially improve kidney transplant outcomes. After implementation of the new policy, expected at the end of 2014, OPTN and the Scientific Registry of Transplant Recipients (SRTR) will evaluate the policy's intended and unintended consequences on an ongoing basis.
CONCISE METHODS

Study Population
SRTR data were used. The SRTR data system includes data on all donors, wait-listed candidates, and transplant recipients in the United States, submitted by the members of OPTN, and has been described elsewhere. 11 The Health Resources and Services Administration of the US Department of Health and Human Services provides oversight of the activities of the OPTN and SRTR contractors. All kidney transplant candidates on the kidney, kidney-pancreas, and pancreas 
Modeling Approach
This study conducted simulations using the KPSAM, which is a program that has been used routinely by the OPTN committees to assess policy proposals. 10 The KPSAM simulates the arrival of donated organs and new candidates on the waiting list over a 1-year period, checks compatibility of organs with candidates on the waiting list at the time an organ becomes available, creates ordered lists of compatible candidates (candidates with more points have priority for receiving the organ over candidates with fewer points in each ordered list), simulates candidate acceptance or refusal of organ offers using a logistic regression model based on organ acceptance behavior in 2010, calculates the number of transplants and number of organs discarded, and uses linear approximations to Cox proportional hazard models 12 to project outcomes such as median allograft and patient survival for each transplant. Allograft failure was defined as the need for dialysis or retransplant. The KPSAM repeated this process 10 times each for the current and new allocation policies (Tables 1-4) , each time randomly permuting the order of donor arrivals and generating new random numbers to determine organ offer acceptance. Because the same donors and candidates are used in each of the simulations, and they are the actual donors and candidates from calendar year 2010 and not independent samples, statistical tests of comparisons are not possible. Instead, the average and the minimum to maximum range of results for the 10 iterations are described for the current and the new allocation policies. Of note, this range reflects variability of the simulation modeling, not variability in actual organ allocations.
